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(57) ABSTRACT

In a method for monitoring water level of a water body, a
monitoring system is configured to: capture a current image
that has a portion of the water body, and a remaining portion
aside from the portion of the water body; process the current
image into a processed image that includes a water body
region corresponding to the portion of the water body, and a
background region corresponding to the remaining portion of
the current image; mark, on the processed image, a plurality
of virtual alert points according to a predetermined water
level of the water body; determine whether at least one of the
virtual alert points is located within the water body region of
the processed image; and generate a monitoring result
according to the determination thus made.

13 Claims, 6 Drawing Sheets
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1
METHOD FOR MONITORING WATER
LEVEL OF A WATER BODY AND SYSTEM
FOR IMPLEMENTING THE METHOD

FIELD OF THE INVENTION

The invention relates to a method for monitoring water
level of a water body, and a monitoring system configured to
execute the method.

BACKGROUND OF THE INVENTION

Conventionally, there are a number of schemes available
for monitoring water level of a water body (e.g., ariver, a lake,
etc.), in order to gain awareness of potential flooding in
advance. For example, a commercially available water gauge
may be placed directly in the water body to detect the water
level. Alternatively, human observers may observe the water
level in person or observe satellite images acquired by a
satellite.

There are some drawbacks associated with the conven-
tional schemes for monitoring the water level. For example,
the water gauge has the risk of being flushed away by flood-
ing, and may not be controllable afterward. Using human
observers may be costly, and the observed result may not be
objective. Using the satellite image may have accuracy issues
due to the large area covered by the satellite image.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide a
method for monitoring a water level of a water body that is
relatively simple and accurate.

Accordingly, a method for monitoring water level of a
water body is to be implemented using a monitoring system
that includes an image capturing module and an image pro-
cessing module. The method includes the following steps of:

(a) capturing, using the image capturing module, a current
image that has a portion of the water body and a remaining
portion aside from the portion of the water body;

(b) processing, by the image processing module, the cur-
rent image into a processed image that includes a water body
region corresponding to the portion of the water body, and a
background region corresponding to the remaining portion of
the current image;

(c) marking on the processed image, by the image process-
ing module, a plurality of virtual alert points according to a
predetermined water level of the water body;

(d) determining, by the image processing module, whether
at least one of the virtual alert points is located within the
water body region of the processed image; and

(e) generating, by the image processing module, a moni-
toring result according to the determination made in step (d).

Another object of the present invention is to provide a
monitoring system that is configured to implement the above-
mentioned method of this invention.

Accordingly, a monitoring system is for monitoring water
level of a water body, and includes an image capturing mod-
ule and an image processing module.

The image capturing module is for capturing a current
image. The current image has a portion of the water body, and
a remaining portion aside from the portion of the water body.

The image processing module is coupled to the image
capturing module and is configured to:

process the current image into a processed image that

includes a water body region corresponding to the por-
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tion of the water body and a background region corre-
sponding to the remaining portion of the current image,

mark, on the processed image, a plurality of virtual alert
points according to a predetermined water level of the
water body,

determine whether at least one of the virtual alert points is
located within the water body region of the processed
image, and

generate a monitoring result according to the determina-
tion thus made.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
become apparent in the following detailed description of the
embodiments with reference to the accompanying drawings,
of which:

FIG. 1 is a block diagram of an embodiment of a monitor-
ing system according to the present invention;

FIG. 2 is a flow chart of a method to be executed using the
monitoring system, according to the present invention;

FIGS. 3 and 4 are exemplary current images captured using
an image capturing module of the monitoring system of the
embodiment;

FIGS. 5 and 6 correspond to FIGS. 3 and 4, respectively,
with a plurality of water body seed points and a plurality of
background seed points added;

FIGS. 7 and 8 are exemplary processed images generated
by an image processing module of the monitoring system of
the embodiment; and

FIGS. 9 and 10 correspond to FIGS. 7 and 8, respectively,
with a predetermined water level and a plurality of virtual
alert points added.

DETAILED DESCRIPTION OF THE
EMBODIMENT

Referring to FIG. 1, an embodiment of a monitoring sys-
tem 1 according to the present invention is for monitoring
water level of a water body (e.g., ariver, a lake, etc.). In this
embodiment, the water body is a river.

The monitoring system 1 includes an image capturing
module 11, an image processing module 12, an output mod-
ule 13, a display unit 14 and an audio output unit 15.

The image capturing module 11 is for capturing an image.
In this embodiment, the image capturing module 11 is con-
figured to capture a current image 3 of the river, as best shown
in FIGS. 3 and 4.

The image processing module 12 is coupled to the image
capturing module 11 for receiving the current image 3 of the
river therefrom, and is configured to subject the current image
3 of the river to various processes. After processing the cur-
rent image 3 of the river, the image processing module 12 is
configured to generate a monitoring result and/or a warning
signal associated with the water level of the river. The output
module 13 is coupled to the image processing module 12 for
receiving the monitoring result and/or the warning signal
therefrom. The display unit 14 and the audio output unit 15
are coupled to the output module 13 and are configured to
output signals received from the output module 13.

Further referring to FIG. 2, the monitoring system 1 of this
invention is configured to execute a method for monitoring
water level of the water body.

In this embodiment, the image capturing module 11 is
disposed at a specific location near a river to capture a current
image of the river. For example, FIGS. 3 and 4 respectively
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illustrate two current images captured by the image capturing
module 11 that is installed near a bridge across the river.

In step 21, the image capturing module 11 captures a cur-
rent image 3 of the river. The current image 3 of the river has
a portion of the water body 31, and a remaining portion 32
aside from the portion of the water body 31. It can be seen
from FIG. 4 that a larger portion of the water body 31 in the
current image 3 may indicate that the river has a higher water
level.

In step 22, the image processing module 12 receives and
processes the current image 3 of the river. In particular, in this
embodiment, the image processing module 12 processes the
current image 3 into a processed image 3' that includes a water
body region 6 corresponding to the portion of the water body
31, and a background region 7 corresponding to the remain-
ing portion 32 of the current image 3.

As an example, FIGS. 7 and 8 illustrate two processed
images 3' that correspond respectively to the current images 3
of FIGS. 3 and 4.

In this embodiment, an image segmentation method (for
example, region growing) is used to process the current image
3 into the processed image 3'. First, the image processing
module 12 selects, based on a set of predetermined criteria, a
plurality of water body seed points 4 within the portion of the
water body 31, and a plurality of background seed points 5
within the remaining portion 32 of the current image 3 (see
FIGS. 5 and 6).

Afterward, the image processing module 12 is configured
to classify the pixels in the current image 3 into one of the
water body region 6 and the background region 7, based on
the selected water body seed points 4 and the background
seed points 5. The resulting processed images 3' are shown in
FIGS. 7 and 8.

Then, in step 23, the image processing module 12 marks a
plurality of virtual alert points 9 on the processed image 3'
according to a predetermined water level 8 of the water body
(see FIGS. 9 and 10). In this embodiment, the predetermined
water level 8 is a full water level of the water body 31, and five
virtual alert points 9 are marked. For example, the predeter-
mined water level 8 may be a virtual line marked on the
processed image 3' at a predetermined location indicating the
full water level of the water body 31.

In step 24, the image processing module 12 is configured to
determine whether each of the virtual alert points 9 is located
within the water body region 6 of the processed image 3'. In
this embodiment, the virtual alert points 9 represent various
water levels between the full water level and a normal water
level of the water body 31 (see FIG. 3), respectively, and a
number of the virtual alert points 9 located within the water
body region 6 is positively related to the water level of the
water body 31.

For example, none of the virtual alert points 9 marked in the
processed image 3' of FIG. 9 is located in the water body
region 6, indicating the normal water level (or below normal
water level) of the water body 31. On the other hand, four of
the virtual alert points 9 marked in the processed image 3' of
FIG. 10 are located in the water body region 6, indicating a
higher water level of the water body 31. It is apparent that the
water body region 6 of the processed image 3' of FIG. 10 is
significantly larger than that of the processed image 3' of FIG.
9.

In this embodiment, the image processing module 12 fur-
ther calculates a danger index based on the number of the
virtual alert points 9 located within the water body region 6 of
the processed image 3'. For example, the danger index may be
calculated as (K/N)*100%, where K is the number of the
virtual alert points 9 located within the water body region 6,
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and N is a total number of the virtual alert points 9. That is, the
danger index is expressed as a percentage of all the virtual
alert points 9 located within the water body region 6.

In step 25, the image processing module 12 determines
whether the danger index is greater than or equal to a prede-
termined value. When the danger index is greater than or
equal to the predetermined value, it is implied that the water
level of the water body 31 is too high.

In such a case, in step 26, the image processing module 12
generates a warning signal. Then, the image processing mod-
ule 12 transmits the monitoring result and the warning signal
to the output module 13. The output module 13 is configured
to process the warning signal and generate an alert signal,
which is in the form of a voice signal, a graphical signal, a text
message, or combinations thereof. The alert signal is subse-
quently transmitted to the display unit 14 and/or the audio
output unit 15 for output.

It is noted that in the cases where the danger index is lower
than the predetermined value, no warning signal is generated,
and in turn no alert signal is outputted and the flow goes back
to step 21 to continue with the monitoring.

In this case, the output module 13 may transmit the moni-
toring result to the display unit 14 and/or the audio output unit
15, and thus, the display unit 14 and/or the audio output unit
15 may indicate the water level of the water body 31 accord-
ing to the monitoring result.

For example, it is assumed that a predetermined value of
80% is imposed. When the processed image 3' is one as shown
in FIG. 9, the calculated danger index is equal to 0, and the
image processing module 12 does not generate the warning
signal. On the other hand, the processed image 3' as shown in
FIG. 10 causes the image processing module 12 to generate
the warning signal, as four of five virtual alert points 9 are
located within the water body region 6 (the calculated danger
index is equal to 80%).

To sum up, in the method of this invention, the monitoring
system 1 is configured to utilize the image processing module
12 to process the current image 3 captured by the image
capturing module 11, and to determine whether the water
level of the water body 31 is too high by counting the number
of the virtual alert points 9 that are located within the water
body region 6. In other words, the embodiment of this inven-
tion provides a relatively simple and accurate way to monitor
the water level of the water body 31.

While the present invention has been described in connec-
tion with what is considered the most practical embodiment,
it is understood that this invention is not limited to the dis-
closed embodiment but is intended to cover various arrange-
ments included within the spirit and scope of the broadest
interpretation so as to encompass all such modifications and
equivalent arrangements.

What is claimed is:

1. A method for monitoring water level of a water body,
said method to be implemented using a monitoring system
that includes an image capturing module and an image pro-
cessing module, said method comprising the following steps
of:

(a) capturing, using the image capturing module, a current
image that has a portion of the water body and a remain-
ing portion aside from the portion of the water body;

(b) processing, by the image processing module, the cur-
rent image into a processed image that includes a water
body region corresponding to the portion of the water
body, and a background region corresponding to the
remaining portion of the current image;
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(c) marking on the processed image, by the image process-
ing module, a plurality of virtual alert points according
to a predetermined water level of the water body;

(d) determining, by the image processing module, whether
atleast one of the virtual alert points is located within the
water body region of the processed image; and

(e) generating, by the image processing module, a moni-
toring result according to the determination made in step
@.

2. The method of claim 1, wherein, in step (b), the image
processing module processes the current image into the pro-
cessed image using region growing.

3. The method of claim 1, wherein the predetermined water
level s a full water level of the water body, and the virtual alert
points represent various water levels between the full water
level and a normal water level of the water body, respectively.

4. The method of claim 3, further comprising, between
steps (d) and (e), the step of calculating a danger index based
on a number of the virtual alert points that are located within
the water body region of the processed image,

wherein, in step (e), the image processing module further
generates a warning signal when the danger index is
greater than or equal to a predetermined value.

5. The method of claim 4, wherein the danger index is
calculated as (K/N)*100%, where K is the number of the
virtual alert points that are located within the water body
region, and N is a total number of the virtual alert points
marked in step ().

6. A monitoring system for monitoring water level of a
water body, said monitoring system comprising:

an image capturing module for capturing a current image,
the current image having a portion of the water body and
a remaining portion aside from the portion of the water
body; and

an image processing module coupled to said image captur-
ing module and configured to
process the current image into a processed image that

includes a water body region corresponding to the
portion of the water body, and a background region
corresponding to the remaining portion of the current
image,
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mark, on the processed image, a plurality of virtual alert
points according to a predetermined water level of the
water body,

determine whether at least one of the virtual alert points
is located within the water body region of the pro-
cessed image, and

generate a monitoring result according to the determi-
nation thus made.

7. The monitoring system of claim 6, wherein said image
processing module processes the current image into the pro-
cessed image using region growing.

8. The monitoring system of claim 6, wherein the prede-
termined water level is a full water level of the water body, and
the virtual alert points represent various water levels between
the full water level and a normal water level of the water body,
respectively.

9. The monitoring system of claim 8, wherein said image
processing module further calculates a danger index based on
anumber of the virtual alert points that are located within the
water body region of the processed image, and further gen-
erates a warning signal when the danger index is greater than
or equal to a predetermined value.

10. The monitoring system of claim 9, wherein the danger
index is calculated as (K/N)*100%, where K is the number of
the virtual alert points that are located within the water body
region, and N is a total number of the virtual alert points
marked on the processed image.

11. The monitoring system of claim 9, further comprising
an output module coupled to said image processing module
for receiving the monitoring result and the warning signal
therefrom.

12. The monitoring system of claim 11, wherein said out-
put module is configured to process the warning signal and to
generate an alert signal, which is in the form of at least one of
a voice signal, a graphical signal and a text message.

13. The monitoring system of claim 12, further comprising
atleast one of a display unit and an audio output unit coupled
to said output module for outputting the alert signal.
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